Objective: Glucocorticoids were found to inhibit adiponectin gene expression and secretion both in vitro and in animal models. We evaluated first the acute effect of i.v. glucocorticoids on adiponectin in normal subjects and secondly plasma adiponectin levels in a series of patients with Cushing's syndrome compared with controls. Design and methods: Hydrocortisone (25 mg) was administered i.v. to five healthy volunteers, with blood samples taken at 215, 0, 30, 60, 120 and 180 min. Twenty-one patients with Cushing's syndrome were divided in two groups: one with 11 obese and the other with 10 non-obese Cushing's patients. Each group was compared with controls that were matched for sex, age, body mass index, waist circumference, glucose, insulin, lipid levels and blood pressure. Results: In normal subjects, hydrocortisone produced a decrease in adiponectin at 30 and 60 min, compared with placebo (P , 0.05). Adiponectin was lower in non-obese Cushing's patients than in non-obese controls (P , 0.004). In contrast, there was no difference in adiponectin levels in obese Cushing's patients and in obese controls. Adiponectin was inversely correlated (P , 0.05) with homeostasis model assessment index in both obese and non-obese Cushing's patients; in nonobese Cushing's patients only, adiponectin was inversely correlated with urinary cortisol (P , 0.05). Conclusions: Glucocorticoids inhibit adiponectin in man, as shown by both exogenous administration to healthy subjects and endogenous cortisol hyperproduction. Similar levels of adiponectin in obese Cushing's patients and their obese controls indicate that obesity per se may act as a predominant factor in masking the relationship between adiponectin and cortisol.
Introduction
Adiponectin (AdipoQ, Acrp30) is the protein product of the apM1 gene, which is expressed exclusively in adipose tissue (1) . Plasma adiponectin levels are reduced in clinical conditions associated with insulin resistance, including obesity, type 2 diabetes, hypertension and lypodistrophies (2) . Cortisol excess in man is characterized by abdominal obesity, hypertension, glucose intolerance or diabetes and dyslipidemia. All these features share a state of insulin resistance (3) , and contribute to high cardiovascular risk typical of this condition (4 -6) . Scarce data are available on the possible regulation of adiponectin by glucocorticoids. Dexamethasone has been shown to reduce adiponectin gene expression in murine 3T3-L1 adipocytes (7) , and glucocorticoids negatively regulate adiponectin mRNA in human visceral adipose tissue (8) . Adiponectin expression in white adipose tissue is stimulated by adrenalectomy in ob/ob mice (9) . It is also known that the promoter region of the gene encoding adiponectin contains consensus sequences for glucocorticoid-receptor binding (10) .
The aim of the study was to evaluate: (1) the acute effect of glucocorticoid i.v. administration on adiponectin in normal subjects; and (2) the plasma levels of adiponectin in a series of patients with Cushing's syndrome, and their association with clinical, biochemical and endocrine-metabolic parameters, in comparison with a control population.
Subjects and methods

Protocol 1. Acute effect of glucocorticoids on adiponectin
To test adiponectin response to glucocorticoids, hydrocortisone (Solucortef, Pharmacia-Upjohn), was administered to five healthy volunteers (mean age, 30^6 years; range, 22 -37 years; three women and two men) in a single-blind, placebo-controlled, random order. Tests were performed in the morning at 0800 h, with subjects maintaining a supine position after overnight fasting. Hydrocortisone (25 mg) was administered as an i.v. bolus in 30 s through a cannula placed in the forearm 1 h before testing. Blood samples for plasma adiponectin, adrenocorticotropic hormone (ACTH) and cortisol were drawn from the opposite forearm at 2 15, 0, 30, 60, 120 and 180 min. As a control, 2-4 days earlier, saline rather than hydrocortisone was injected in the same subjects using the same protocol. The baseline value was the mean between 2 15 and 0 min values. Decrease of ACTH levels at the same time points was assumed as an index of hydrocortisone effect (11) . No side-effects were observed, and none of the subjects was excluded from the protocol.
Protocol 2. Cushing's syndrome
The study involved 21 consecutive patients (mean age, 33^16 years; range, 16 -58 years, 14 women and 7 men) with newly diagnosed Cushing's syndrome, admitted to our Institutions during the last 3 years. The diagnosis of Cushing's syndrome was based on standard criteria (6) . Among the patients with Cushing's syndrome, 15 had a pituitary-dependent Cushing's disease, 4 had an adrenal adenoma, 1 had an adrenal carcinoma, and 1 had an ACTH ectopic production. These 21 patients were divided in two groups. The first group included 11 obese Cushing's patients, i.e. patients having a body mass index (BMI) . 30 kg/m 2 and waist circumference . 88 cm for women and . 102 cm for men; the second group included 10 non-obese Cushing's patients. Each group of patients was compared with control cases that were matched for sex, age, BMI, waist circumference, glucose and lipid levels, and blood pressure. Controls were selected from diabetic, hyperlipidemic, essential hypertensive patients, and patients with post-pubertal obesity seen at our outpatient clinic, and from a general population under evaluation for cardiovascular risk stratification.
In the Cushing's patients and in controls, diabetes mellitus was diagnosed when, in the absence of treatment, fasting blood glucose was higher than 7.0 mmol/l in two consecutive determinations (12) . Hyperlipidemia was defined as fasting total serum cholesterol . 5.7 mmol/l and/or serum triglycerides . 1.8 mmol/l. Hypertension was defined as a systolic blood pressure of 140 mmHg or more and/or diastolic blood pressure of 90 mmHg or more, based on the average of two or more readings taken in sitting position at different days before investigation. The waist circumference measurement, taken as a reference measure of abdominal obesity, was made at minimal inspiration to the nearest 0.1 cm, midway between the last rib and the iliac crest. Cut-off points for obesity and waist circumference were taken according to the National Institutes of Health guidelines (13) . Insulin sensitivity was calculated according to the formula of the homeostasis model assessment (HOMA) method: insulin resistance ¼ fasting plasma insulin ðmU=mlÞ £ fasting plasma glucose ðmmol=lÞ=22:5 (14) . The index is highly correlated with the insulin resistance index assessed by the euglycemic -hyperinsulinemic clamp; this is the gold standard of insulin resistance (15), and is widely adopted in clinical studies.
The study had approval from the local Ethics Committee and all subjects gave their informed consent.
Laboratory studies
Blood samples for biochemical and endocrine-metabolic profile were obtained after overnight fasting at 0800 h. Plasma ACTH was measured by a two-site immunoradiometric assay from Nichols Institute (San Juan Capistrano, CA, USA). Normal values at 0800 h were up to 22 pmol/l. Plasma and urinary cortisol were measured by RIA kit from Diagnostic Products Corp. (Los Angeles, CA, USA). Normal ranges were: plasma cortisol at 0800 h, 138 -550 nmol/l; urinary cortisol, 55 -331 nmol/24 h. Serum insulin was measured using a RIA kit from Behring (Scoppito, Italy); normal range, 43 -172 pmol/l. Plasma adiponectin was measured by a specific RIA obtained from Linco Research, Inc. (St Charles, MO, USA), with minor modifications, as previously described (16) . Recombinant human adiponectin was used as standard, and a multispecies adiponectin rabbit antiserum was used. The assay buffer contained 10.0 mmol phosphate buffer, pH 7.6, sodium azide (0.09%) and BSA (0.15%). For all hormone measurements, intra-and inter-assay coefficients of variation were less than 10%. All other biochemical variables were assayed in the same laboratory using standard methods.
Statistical analysis
All values are expressed as means^S.D. The analysis of adiponectin response at subsequent time points, with respect to the baseline level, was made by paired Student's t-test. The adiponectin response to hydrocortisone vs placebo was compared by two-way ANOVA with repeated measures, using treatment as the grouping factor. Statistical significance between the group of Cushing's patients and matched controls was assessed by Student's unpaired t-test, with Bonferroni correction for multiple comparisons. x 2 statistics were used to assess differences between categorical variables. Relationships were assessed by using Pearson's correlation coefficient and linear regression analysis. Statistical significance was accepted as P , 0.05. For the t-test corrected for multiple comparisons, P , 0.0041 (Bonferroni adjustment) was used as significance level.
Results
Protocol 1 Figure 1 shows the response of adiponectin to acute hydrocortisone in comparison with placebo injection. Hydrocortisone (25 mg as an i.v. bolus) produced a decrease in circulating adiponectin levels at 30 and 60 min, from 29.3^3.7 baseline to 24.2^5.1 and to 22.6^2.1 mg/ml respectively (P , 0.01), which was significant in comparison with placebo (P , 0.05). Adiponectin decrease was followed by an increase thereafter at 120 and 180 min, with levels not differing from those found after placebo administration. The lowest levels of adiponectin occurred in association with the maximal rise of plasma cortisol after hydrocortisone i.v. bolus.
Protocol 2
Clinical and endocrine-metabolic parameters of the two groups of patients with Cushing's syndrome and matched controls are reported in Table 1 . The two groups of patients with Cushing's syndrome were similar for age and sex and were not statistical different in terms of blood pressure, glucose, total cholesterol, triglyceride, and urinary cortisol levels. Serum insulin levels and HOMA index were lower in non-obese controls than in all other groups of subjects. The proportion of diabetic, hyperlipidemic and hypertensive patients was the same in obese Cushing's patients and obese controls (n ¼ 2/11, n ¼ 5/11, n ¼ 5/11 respectively), as well as in non-obese Cushing's patients and non-obese controls (n ¼ 2/10, n ¼ 4/10, n ¼ 4/10 respectively). Adiponectin was lower in non-obese Cushing's patients than in non-obese controls (20.9^7.3 vs 30.9^4.9 mg/ml, P , 0.004). In contrast, adiponectin levels were not different in obese Cushing's patients and in obese controls (22.1^6.9 vs 20.1^2.7 mg/ml, P ¼ NS). Individual data are reported for the four groups of subjects (Fig. 2) . Adiponectin was inversely correlated with the HOMA index in both obese and non-obese Cushing's patients (P , 0.05). A significant inverse correlation between adiponectin levels and urinary cortisol was found only in the group of non-obese Cushing's patients (P , 0.05) (Fig. 3 ).
Discussion
Our results, showing an acute decrease of adiponectin of about 25%, in response to i.v. exogenous glucocorticoid administration in healthy subjects, are in favour of a direct inhibitory effect of cortisol on adiponectin. The adiponectin decrease was transient, probably due to the fact that hydrocortisone was administered as a bolus, and not as an infusion. To our knowledge, there is no information on the adiponectin half-life in vivo in humans; however, since hydrocortisone administered intravenously has been shown to have a half-life of 1.7 h (17), its lowering effect on adiponectin should last 90 -120 min in our normal subjects. Whether adiponectin inhibition was due to reduced release from adipose tissue, or to decreased synthesis, should be clarified by gene expression studies in adipocytes. A model of endogenous cortisol excess, such as Cushing's syndrome, also seems to confirm an inverse relationship between glucocorticoids and adiponectin. In fact, non-obese patients with Cushing's syndrome had lower adiponectin than control cases. The HOMA index was abnormally high in the group of non-obese Cushing's patients, confirming a decreased insulin sensitivity in this disease, which could be ascribed to a post-insulin receptor defect (3). The HOMA index was inversely correlated with adiponectin in both obese and non-obese Cushing's patients. Accordingly, Figure 1 Plasma adiponectin, ACTH and cortisol response to hydrocortisone i.v. bolus (X) and to placebo (W) in normal subjects (n ¼ 5). **P , 0.01 and *P , 0.05 compared with baseline; # P , 0.05 compared with placebo.
plasma adiponectin concentrations were found to correlate inversely with the severity of insulin resistance (18) , and to increase during treatment with thioglitazones (19) , in human studies. On the basis of our data, both adiponectin decrease after hydrocortisone in normal subjects, and lower adiponectin in nonobese Cushing's patients compared with controls, suggest that hypoadiponectinemia is an important factor in glucocorticoid-induced insulin resistance of non-obese patients with Cushing's syndrome. Due to the very small intragroup size of the male vs female samples, no conclusion could be drawn on a possible sexual dimorphism in adiponectin levels, as previously observed (20) . Insulin resistance is considered to have a key role in the metabolic syndrome or syndrome X; this includes obesity, hypertension, glucose intolerance and hyperlipidemia, and is associated with increased cardiovascular risk (21, 22) . Cortisol may have a pathogenetic role in this syndrome. In fact, cortisol counteracts the action of insulin at multiple sites (23 -25) , and increases hepatic gluconeogenetic efficiency (26) . It promotes abdominal fat distribution (24) , enhances sympathetic nervous system activity (25) , and has complex effects on vascular tone promoting endothelial dysfunction (27) , hypercoagulability (28) and hypertension (29) . In our study, a similar proportion of cases with non-insulin dependent diabetes, dyslipidemia and hypertension in the groups of obese and non-obese Cushing's patients, should exclude the possibility of an interference of these conditions on adiponectin results. Adiponectin was decreased in non-obese Cushing's patients in comparison with non-obese controls, and an inverse correlation between urinary cortisol and adiponectin was found in non-obese Cushing's patients but not in obese Cushing's patients. Since adiponectin levels were similar in obese Cushing's patients and their obese controls, this may simply indicate that obesity per se acts as a predominant factor masking the relationship between adiponectin and cortisol. The changes in adiponectin after glucocorticoids or in Cushing's syndrome seem to be inverse to those of leptin, another adipocyte-produced cytokine. Leptin is, in fact, known to be markedly increased after glucocorticoid administration and in Cushing's syndrome (30) . At variance with our findings on adiponectin, a recent paper has suggested that chronic hypercortisolemia in Cushing's syndrome does not directly affect serum leptin concentrations but acts via the associated hyperinsulinemia and/or impaired insulin sensitivity (31) . A limitation of our study was the lack of an accurate measurement of body fat distribution in our Cushing's patients. An abnormal increase of visceral fat percentage and visceral/subcutaneous fat ratio has been demonstrated by computed tomography (CT) scan in Cushing's syndrome (32) . Although waist circumference was similar in our patients with Cushing's syndrome and their controls, this parameter does not allow clarification of whether reduced adiponectin levels were specifically associated with the abdominal repartition of fat, as is typical of this disease.
In conclusion, glucocorticoids inhibit adiponectin in man as shown by both acute exogenous administration to healthy subjects and chronic endogenous hypercortisolism. Since adiponectin has been suggested to be a link between insulin resistance and vascular disease in the metabolic syndrome (33) , the decrease of adiponectin, in association with other independent mechanisms, may contribute to the increased cardiovascular risk in non-obese Cushing's syndrome.
